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(54) Polymerizable solid compositions 



(57) A polynnerizable solid composition, nnelting 
within the range of 40-200°C and containing products 
having at least one ethylenically unsaturated double 
bond, obtainable by reacting a compound (A), contain- 
ing at least two ethylenically unsaturated double bonds, 
with a compound (B), containing at least one p-dicarb- 
onyl group of the formula 



Such compositions are curable by means of expo- 
sure to heat or radiation, typically ultraviolet (UV) radi- 
ation and useful as powder coatings or components to 
make powder coatings, especially powder coatings cur- 
able at low temperatures. 



CO 

LO 
CO 



o o 

II II 

— C— CH;;-C 



Q. 

LU 



Printed by Jouve, 75001 PARIS (PR) 



EP1 359 173 A1 



Description 

[0001] This invention relates to polymerizable solid compositions useful as powder coatings or as components to 
make powder coatings. More particularly, this invention relates to solid compositions containing polymerizable ethyl- 
5 enically unsaturated double bonds and p-dicarbonyl groups. Such compositions are curable by means of exposure to 
heat or radiation, typically ultraviolet (UV) radiation. 

[0002] Powder coatings, which are dry, finely grinded, free flowing solid materials at room temperature, have gained 
considerable interest in the last two decades. Powder coatings are user and environment friendly materials, since they 
are virtually free of volatile organic compound's (VOC's). This eliminates the solvent emission problems associated 
10 with liquid coatings, such as air pollution and dangers to the health of workers employed in coatings operations. Fur- 
thermore, powder coatings are essentially 100% recyclable. Over sprayed powders can be fully reclaimed and recom- 
bined with the powder feed. This provides very high coating efficiencies and substantially reduces the amount of gen- 
erated waste. 

[0003] Despite their advantages, conventional powder coatings often suffer from high curing temperatures and long 
15 curing times. Consequently, heat sensitive substrates are difficult to coat and demand low curing temperatures, pref- 
erably below 100°C. For example wood or wood-containing products, such as particle board or fiber board, contain 
residual moisture and resinous binders for substrate integrity. Outgassing of the volatiles at high curing temperatures 
during the curing process may result in blistering, craters, pinholes and other surface defects. 

[0004] Therefore, low temperature powder coating systems have been proposed in the last years for coating of heat 
20 sensitive substrates, especially such which can be hardened by means of radiation, preferably ultraviolet light. Powder 
coatings, cured or hardened by ultraviolet light also require exposure to heat to some extent in order to provide sufficient 
melt and flow out into a continues molten film on the substrate prior to the curing process by ultraviolet light. The applied 
temperature must be either above the glass transition temperature (Tg), which is preferably >35°C for powder coatings 
and above the melt temperature of the solid composition. However, the heat load on the substrate is significantly lower 
25 compared to conventional heat curable powder coatings, since the ultraviolet curable powders are designed to flow 
out at much lower temperatures, typically below 1 00°C. After leveling, the molten coating is exposed to ultraviolet light, 
which rapidly cures the film. Since the hardening or crosslinking is triggered by ultraviolet radiation rather than heat, 
this procedure allows the powder to be cured more quickly and at much lower temperatures than conventional heat 
curable powders. 

30 [0005] Products containing ethylenically unsaturated double bonds are particularly useful to design ultraviolet curable 
coatings, since the reactive double bonds such as acrylates undergo rapid polymerization when exposed to ultraviolet 
radiation. These curing agents though extremely useful in liquid radiation coatings, have only gained limited use in 
powder coatings. In general, the available oligomers and polymers containing ethylenically unsaturated double bonds 
are liquid, resin-like or semi-solid with low glass transition temperatures and therefore not suitable for powder coatings. 

35 [0006] It is therefore a primary object of this invention to provide solid compositions, which are useful as low tem- 
perature curable powder coatings or useful as components to make low temperature powder coatings. 
[0007] This invention provides solid mixtures of oligomers and polymers, hereinafter also termed as solid composi- 
tions of this invention, which are curable preferably by ultraviolet light below 100°C. The solid compositions of this 
invention are prepared by reacting solid compounds containing at least two ethylenically unsaturated double bonds 

40 with compounds containing at least one p-dicarbonyl group. The reaction of an ethylenically unsaturated double bond, 
such as an acrylate group, with the active methylene group in a p-dicarbonyl function is know in literature as "Michael 
Addition". 

[0008] Ethylenically unsaturated compounds, which are suitable for the preparation of the solid compositions of this 
invention via the Michael-Addition include for example: solid urethaneacrylates such as the reaction product of 2-hy- 

45 droxyethylacrylate and 1 ,6-hexanediisocyanate ( 2-(N-(5-(2-prop-2-enyloxyethoxy)carbonylamino)pentyl)carbamoy- 
loxy)ethyl prop-2-enoate, melting point 81 °C) or solid reaction products of isocyanate end-capped urethane prepoly- 
mers with 2-hydroxyethyl acrylate and 2-hydroxyethyl methacrylate, solid epoxyacrylates such as reactions products 
of poly(bisphenol-A-co-epichlorohydrine) and acrylic acid or reaction products of epoxy-phenol resins and acrylic acid 
or reaction products of glycidyl methacrylate copolymers and acrylic acid, solid polyesteracrylates prepared from solid 

50 polyesterpolyols and acrylic acid, solid triisocyan urates such as tris(2-acryloyloxyethyl) isocyanurate, preferred are 
solid urethane diacrylates and urethane diacrylate prepolymers. 

[0009] The compounds containing p-dicarbonyl groups, especially p-diketones and p-ketoesters, which are suitable 
for the preparation of the solid compositions of this invention include for example: pentane-2,4-dione, 1 -phenyl-1 ,3-bu- 
tanedione, benzoylacetic acid methyl ester, acetoacetic acid methyl ester, acetoacetic acid ethyl ester, 1 ,4-butanediol 
55 diacetoacetate, 1 ,6-hexanediol diacetoacetate, neopentyl glycol diacetoacetate, 2-ethyl-2-butyl-1 ,3-propanediol diac- 
etoacetate, trimethylolpropanetriacetoacetate, dimethyl malonate, diethyl malonate, solid acetoacetate group-contain- 
ing oligomers and polymers obtained by transesterification of acetoacetic acid ethyl esters with solid oligomeric or 
polymeric polyols, solid acetoacetate group-containing oligomers and polymers obtained by copolymerisation of 2-ac- 
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etoacetoxyethyl methacrylate, solid oligomers and polymers derived from diols and dimethyl malonate, such as poly 
(2,2-dimethyl-1 ,3-propanediol-malonate), melting point: 55°C. Preferred are solid diacetoacetates, especially urethane 
diacetoacteates. Liquid compounds containing p-dicarbonyl groups such as acetylacetone may be used as well as 
long as the final reaction product is a solid, having the required properties suitable for the preparation of powder coat- 
5 ings. A liquid component carrying the p-dicarbonyl compound may be also converted into a solid by absorption into a 
silica type filler material, such as fumed silica, as it is well known in the art. 

[001 0] The preparation of the solid compositions of this invention is carried out by reacting the compounds containing 
the ethylenically unsaturated double bonds with the compounds, containing p-ketoester or p-diketone or p-diester 
groups at temperatures of 25-1 50°C in the presence of catalysts, which catalyze the "Michael Addition" such as strong 

10 organic or inorganic bases as for example sodium hydroxide and diazabicycloundecene, ammonium and phosphonium 
salts, as for example tetraethylammonium fluoride and organic phosphines as for example trioctyl phosphine. The 
amount of added catalyst is 0.3-5.0 weight% referred to the total reaction mixture, preferably 0.7-2.5 weight%. Further 
reaction conditions for the "Michael Addition" are also described in literature [Organikum, VEB Deutscher Verlag der 
Wissenschaften, 1 6. Auflage, Berlin 1 986, pages 509-51 0]. During the reaction of the ethylenically unsaturated double 

15 bonds with the p-dicarbonyl groups the reaction mixture is gassed with air. In addition, in the case of sensitive acrylates, 
a polymerization inhibitor may also be added in an amount of 0.01 to 0.5 weight% in order to prevent an premature 
polymerization of the acrylate groups during the production. Suitable polymerization inhibitors are for example 4-meth- 
oxyphenol and hydroquinone. 

[0011] Important is the ratio of acrylate groups to p-dicarbonyl groups, which may vary from 2.5:1 to 20:1 , preferably 
20 4:1 to 15:1 . While the applicant does not wish to be bound by this theory, it seems that the aforementioned ratio is 
governed by the functionality of the reactants. In general, the higher the functionality of the p-dicarbonyl compounds 
that are used, the higher should be the excess of acrylate groups so that a meltable solid is formed. In this connection, 
an estimation of the gel point may be helpful, considering also the functionality of the compounds containing ethylen- 
ically unsaturated groups and the compounds containing p-dicarbonyl groups. The gel-point may be estimated as 
25 shown below: 

2 P(gel)=pXlOO 

30 wherein 

(A-h2B)-C 
D 

35 A = Total No. of equivalents of ethylenically unsaturated bonds 

B = Total No. of equivalents of p-dicarbonyl groups 
C = Total No. of excess equivalents of ethylenically unsaturated bonds 

40 

D = Total No. of moles of components at start of reaction 

[0012] P (gel) is the degree of reaction at gelation. Preferably, P (gel) is > 100 for a given ratio of ethylenically 
unsaturated groups and p-dicarbonyl groups. 

45 [0013] Further literature is given also in " Resins for Surface Coatings" Volume 1 , P. Oldring (Ed.), SITA Technology 
London, 1987, pages 137-139. The obtained solid compositions of this invention are colorless or slightly amber-colored 
solids showing a melting temperature of > 40°C and may be regarded as a solid solution of a polymerizable oligomer 
or polymer, formed by the reaction of all the p-dicarbonyl groups with a part of the ethylenically unsaturated groups, 
dissolved in the excess of the starting material carrying the ethylenically unsaturated double bonds. 

50 [0014] A special feature ofthe solid compositions of this invention, containing ethylenically unsaturated double bonds 
and p-dicarbonyl groups, is that they can be cured by ultraviolet radiation in the absence of any photo initiator. During 
the experiments, it turned out unexpectedly that solid compositions of this invention, containing additional urethane 
groups, are especially useful to make powder coatings, which can be crosslinked at low temperatures by UV-radiation 
without photoinitiator. The products are curable by UV-radiation at high curing speeds to hard but flexible coatings 

55 showing a high degree of solvent resistance and scratch resistance. Another observed result is that the solid compo- 
sition of this invention containing additional urethane groups exhibit a relatively small melting range and once melted, 
a considerably low melt viscosity. This accelerates the flow out of the molten powder as well as the leveling and influ- 
ences positively the overall speed at which the curing process can be run. The additional urethane groups may be 
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introduced by a solid uretlnane acrylate sucli as the reaction product of 1 ,6-hexanediol diisocyanate and 2-hydrox- 
yethylacrylate. Tine uretliane acrylate is then further reacted with a p-dicarbonyl conripound such as acetyl acetone, 
yielding an example of a solid polymerizable composition of this invention. 



o o 




[0015] Moreover, the urethane group may also be introduced by a solid compound containing p-dicarbonyl groups 
and urethane groups as depicted below 




[001 6] Such compounds are obtained by transesterif ication of an urethanediol and alky I acetoacetate. Said urethane 
diacetoacetate may then be reacted with a large excess of a solid acrylate, giving a product as depicted below. 
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0 0 0 




which is dissolved in the excess of the urethane diacrylate. This solid mixture represents another exannple of a solid 
polynnerizable connposition of this invention. 
30 [0017] The polynnerizable compositions of this invention are useful as powder coatings or useful as components to 
make powder coatings. 

[0018] Powder coatings typically involve a complex mixture of chemicals. In addition to the color-carrying pigments, 
flow and leveling agents, degassing agents, waxes, extender pigments (fillers) and charging agents, a resin and a 
crosslinker are often used to cure the mixture. 

35 [0019] In the present invention the solid compositions derived from acrylates and compounds containing p-dicarbonyl 
groups, may be used as powder coatings or as components to make powder coatings, especially as crosslinkers. 
[0020] The solid compositions of this invention may be further blended with other resins containing ethylenically 
unsaturated functions, such as unsaturated polyester resins, unsaturated polyacrylate or polymethacrylate resins, and/ 
or mixtures thereof. The unsaturated polyester resins, unsaturated polyacrylate or polymethacrylate resins are com- 

40 mercially available or may be prepared according to the methods known in the art. 

[0021 ] The powder coatings of this invention may be cured in presence of heat or ultraviolet radiation by the polym- 
erization of the ethylenically unsaturated double bonds. This may be achieved with the help of free radical initiators. 
They can be divided into two groups: thermally activated initiators and initiators acitvated by ultraviolet radiation. In 
case that a mixture of both types of initiators is used, this is termed as dual cure. 

45 [0022] The thermal initiators useful in the powder coating compositions of this invention are free radical generating 
compounds, preferably peroxides and azo initiators. 

[0023] Examples of suitable peroxide initiators, include diacyl peroxides, such as 2-4-dichlorobenzyl peroxide, de- 
canoyl peroxide, lauroyi peroxide, succinic acid peroxide, acetyl peroxide, benzoyl peroxide, and diisobutyryl peroxide, 
acetyl alkylsulfonyl peroxides, such as acetyl cyclohexylsulfonyl peroxide, dialkyi peroxydicarbonates, such as di(n- 

50 propyl)peroxy dicarbonate, di(sec-butyl)peroxy dicarbonate, di(2-ethylhexyl)peroxy dicarbonate, diisopropylperoxy di- 
carbonate, and dicyclohexylperoxy dicarbonate, peroxy esters, such as alpha-cumylperoxy pivalate, t-amyl neo- 
decanoate, t-amylperoxy neodecanoate, t-butylperoxy neodecanoate, t-amylperoxy pivalate, t-butylperoxy pivalate, 
2,5-dimethyl-2,5-di(2-ethylhexanoylperoxy)hexane, t-amylperoxy-2-ethyl hexanoate, t-butylperoxy-2-ethyl hexanoate, 
and t-butylperoxy isobutyrate, azobis (alkyi nitrile) peroxy compounds, such as 2,2'-azobis-(2,4-dimethylvaleronitrile), 

55 azobisisobutyronitrile, and 2,2'-azobis-(2-methylbutyronitrile); t-butyl-peroxymaleic acid, 1 ,1'-azobis-(1-cyclohexane- 
carbonitrile). Other examples include peroxy ketals, such as 1 ,1 -di(t-butylperoxy)-3,3,5-trimethylcyclohexane, peroxy 
esters, such as 2,5-dimethyI-2,5-di(benzoylperoxy) carbonate, t-butylperoxy acetate, t-butylperoxy benzoate, di-t- 
butyldiperoxy azelate, and di-t-butyldiperoxy phthalate, dialkylperoxides, such as dicumyl peroxide, 2,5-dimethyl-2,5-di 
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(t-butylperoxy)hexane, t-butyl cumyl peroxide, di-t-butyl peroxide, and 2,5-dimethyl,2,5-di(t-butylperoxy)liexyne-3, hy- 
droperoxides, sucli as 2,5-dihydroperoxy-2,5-dinnetliyl hexane, cumene Inydroperoxide, t-butyl [Hydroperoxide and t- 
amyl hydroperoxide, ketone peroxides, such as n-butyl-4,4-bis-(t-butylperoxy)valerate, 1 ,1-di(t-butylperoxy)-3,3,5-tri- 
methyl cyclohexane, 1, 1 '-di-t-amyl-peroxy cyclohexane, 2,2-di(t-butylperoxy) butane, ethyl-3,3-di(t-butylperoxy)bu- 
5 tyrate, and blend of t-butyl peroctoate, and 1 ,1-di(t-butylperoxy)cyclohexane. 

[0024] Preferably, the thermal initiators used herein are solids. If liquid initiators are used, however, preferably they 
are absorbed on solid carriers, such as funned silica, prior to incorporation in the powder coating compositions of this 
invention. 

[0025] The powder coatings of this invention may also be cured by UV-light in absence of photoinitiators or, if required 
10 for special performance, mixed with UV photoinitiators that are well known in the art. Examples of suitable photoiniti- 
ators, which are known as a-cleavage free radical photoinitiators, include benzoin and its derivatives, for example, 
benzoin ethers, such as isobutyl benzoin ether and benzyl ketals, such as benzyl dimethyl ketal, 2-hydroxy-2-methyl- 
1-phenylpropan-1 -one and 4-(2-hydroxyethoxy) phenyl-2-hydroxy-2-propyl ketone. Others include acyl phosphines, 
such as 2,4,6-trimethylbenzoyl diphenylphosphine oxide. Aryl ketones can also be used, such as 1 -hydroxycyclohexyl 
15 phenyl ketone, 2-benzyl-2-dimethylamino-1-(4-morpholinophenyl)-butan-1-one, 2,2-dimethoxy-2-phenylaceto-phe- 
none, mixture of benzophenone and 1 -hydroxycyclohexyl phenyl ketone, perfluorinated diphenyl titanocene, and 2-me- 
thyl-1-(4-(methylthiophenyl)-2-(4-morpholinyl))-1-propanone. Hydrogen abstraction free radical type photoinitiators 
can be used in combination with the above or alone such as Michler's ketone (4,4'-bisdimethylamino benzophenone), 
Michler's ethyl ketone (4,4'-bisdiethylamino benzophenone ethyl ketone), benzophenone, thioxanthone, anthroqui- 
20 none, ketocoumarin, anthracene, or derivatives thereof, and the like. Usually, the amount of initiators present typically 
ranges between 0.1 and 10 weight %, preferrably 1 to 5 weight %. 

[0026] The preparation of the powder coatings of this invention does not require any special procedures and may 
be carried out using the known methods, preferrably by mixing solid compositions of this invention with the required 
additives or initiators or secondary resins in the melt, by extrusion and / or kneading at 60-1 20°C and comminuting the 

25 cooled melt or by homogenizing the components of the mixture under high shear forces for example in a ball mill. 

[0027] The powder coatings containing the solid compositions of this invention are storage stable when unexposed 
to light. They may be grinded mechanically to a particle size smaller than 1 0O^m and applied on top of a flat substrate 
or electrostatically deposited after Tribo- or Corona charging onto a substrate which is to be coated. The powder layer 
is then fused by warming to 60-1 60°C in a circulation air oven or by radiation heat such as infrared radiation. In case 

30 of the preferred crosslinking at low temperatures below 100°C the fused powder is exposed to ultraviolet radiation. 
The particular choice of ultraviolet radiation is also important such that adequate emission of UV radiation occurs at 
wavelengths suitable to initiate the curing process. UV lamps are available in several designs. The Fusion "H" bulb is 
a typical UV source consisting primarily of an electrical discharge in medium pressure mercury vapor. It is also often 
considered as the industrial standard. The Fusion "D" bulb also contains a small amount of a metal halide. the Fusion 

35 "V"-bulb is similar to the D bulb but emits a larger fraction at longer wavelengths. Medium pressure bulbs radiate with 
an intensity of 200 to 600 watts per inch. For the initiator-free ultraviolet curing of the powder coatings of this invention, 
the lamp with the "H" bulb is the preferred choice. It contains the largest fraction of radiation below 300nm, which is 
particularly useful for the ultraviolet curing of the powder coatings of this invention since they show absorption of UV 
radiation in this wavelength area. 

40 [0028] The solid compositions and powder coatings of this invention are especially suitable for coating heat sensitive 
substrates including hardwood, wood composites, laminated bamboo, particle board, filler board, medium density fiber 
board, paper or other substrates that contain a significant amount of wood, or otherwise degrade when coated with 
traditional heat curable powder coatings, plastics, such as ABS, PPO, SMC, polyolefins, acrylics or nylon. Moreover, 
the use of the solid compositions and powder coatings of this invention is not limited to heat sensitive substrates. Heat 

45 resistant substrates, such as steel or aluminum in form of sheets, pipelines or coils, glass screens or ceramic tiles may 
be coated as well. 

[0029] This invention will be further explained by a consideration of the following non-limiting examples which are 
intended to be purely exemplary of this invention. 

50 Examples 

Example 1 

A. Preparation of a solid compound containing ethylenically unsaturated double bonds: 

55 

[0030] A mixture of 168.0g of 1 ,6-hexanediisocyanate, 0.30g of 4-methoxyphenol and 0.05g of dibutyltin dilaurate 
was homogenized at 65°C and sparged with air. Then, 232. Og of 2-hydroxyethyl acrylate was added dropwise over a 
period of 3 hours so that the temperature did not exceed 85°C. The mixture was stirred for another hour at 85°C and 
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allowed to cool down to room temperature, yielding 401 g of 2-(N-(6-((2-prop-2-enoyloxyethoxy)carbonylamino)hexyl) 
carbamoyloxy)ethyl prop-2-enoate. Melting point: 81-82°C. 




o 



10 

B. Preparation of a solid compound containing acetoacetate groups: 

[0031] 140g of 2-(hydroxyethoxy)-N-(2-((hydroxyethoxy)carbonylamino)ethyl)carboxamid 

15 




was mixed witli 140g of methyl acetoacetate and heated under nitrogen to 130°C. Then, during a period of 4 hours, 
methanol was distilled off and the temperature raised to 160°C. The mixture was allowed to cool down to room-tem- 
perature yielding 241 g of 2-(N-(2-((2-(3-oxobutanoyloxy)ethoxy)carbonylamino)ethyl) carbamoyloxy)ethyl 3-oxobu- 
25 tanoate. Melting point: 85-86°C. 



30 




35 Reaction of compound prepared under (A) with compound prepared under (B): 

[0032] 30. Og of urethane acrylate prepared according to A was mixed with 3.6g of urethane diacetoacetate prepared 
according to B, melted and homogenized at 90°C. Then, 0.30g of tri-n-octylphosphinewas added dropwise. The mixture 
was stirred for 30 minutes at 90°C and cooled to room temperature. A light amber colored solid polymerizable mixture 
40 was obtained, having a melting range of 65-90°C and a glass transition temperature of 46°C. Molecular number average 
= 836. Molecular weight average = 1886. 

Example 2: 

45 [0033] A mixture of 168.0g of 1 ,6-hexanediisocyanate, 0.30g of 4-methoxyphenol, and 0.05g of dibutyltin dilaurate 
was homogenised at 65°C and sparged with air. Then, 232. Og of 2-hydroxyethyl acrylate was added dropwise over a 
period of 3 hours so that the temperature did not exceed 85°C. The mixture was stirred for another hour at 85°C before 
a mixture of 80. Og of methyl acetoacetate and 5.0g of tetramethyl guanidine was added dropwise so that the temper- 
ature did not exceed 95°C. Then, the mixture was allowed to stir for another hour at 80-85°C and cooled to room 

50 temperature. The resin-like product solidified over night and showed a melting range of 45-55°C. Molecular number 
average = 1285. Molecular weight average = 2335. 

Example 3 

55 [0034] As example 2, but with 50g of acetylacetone instead of methyl acetoacetate. Melting range: 42-46°C. Molec- 
ular number average = 11 00. Molecular weight average = 1 900. 
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Example 4 

[0035] 273. Og of Epiclon 1050 (bisphenol-A-epoxy resin from Dainippon Ink & Chemicals, Japan) was melted in resin 
reactor at 115°C. Then, 0.3g of 4-methoxyphenol and 2.5g of benzyl triethylammonium chloride was added and the 

5 mixture was sparged with air. 35. Og of acrylic acid was added dropwise within 1 5 minutes. Acid number of the mixture 
after the addition was 113. The mixture was stirred and sparged with air for a period of 90 minutes at 1 1 5-1 20°C within 
the acid-value dropped to 8. At that point the formed intermediate bisphenol-A-diacrylate showed a molecular number 
average of 1300. Then, the mixture was allowed to cool down to 100°C and stirred very slowly while 20. Og of acetyl 
acetone and 3.0g of diazabicycloundecene was added. A considerable increase in viscosity took place within 2 minutes. 

10 A colorless solid was obtained, having a melting range of 86-1 00°C and a glass transition temperature of 51 °C. Mo- 
lecular number average = 1 900. Molecular weight average =4800. 

Example 5 

15 (Preparation and initiator-free UV-curing of a powder coating from the solid composition of example 1) 

[0036] The solid product of example 1 was grinded in ultra centrifugal mill to a powder and classified through a 1 00 

[im test screen on top of an aluminum substrate until a coating weight of 120g /m^ was reached. Then, the substrate 
was warmed to 90°C for a period of 3 minutes within all of the powder fused. Then, the powder was cured by ultraviolet 
20 radiation with a Fusion F300H bulb at a curing speed of 20 meter /minute. 





Coating properties: 




Hardness (pencil hardness) 


1 2-3H 


25 


Solvent resistance 


j > 100 MEK double rubs 




Flexibility 


j 4 mm Madrell diameter 



Example 6 



30 (Preparation and thermal-curing of a powder coating from the solid composition of example 3) 

[0037] 1 1 0.Og of the solid composition of example 3 was mixed with 2.0g of finely powdered n-butyl-4,4-bis(t-butyloxy) 
valerate (Luperox 230XL from Atofina) at 75°C. Then, the mixture was allowed to cool down to room temperature. The 
solid mixture was crushed and grinded in ultra centrifugal mill to a powder and classified through a 1 00 p,m test screen 
35 on top of an aluminum substrate until a coating weight of 1 50g /m^ was reached. Then, the substrate was wanned to 
145°C for a period of 5 minutes within all of the powder fused and then crosslinked. 



40 



Coating properties 


Hardness (pencil hardness) 
Solvent resistance 


H-2H 

> 1 00 MEK double rubs 



Example 7 

45 (Preparation and UV-curing of a powder coating containing an unsaturated polyester and the solid composition of 
example 3, acting as a crossi inker) 

[0038] 80. Og of the unsaturated polyester MR 8010 (product of from Dainippon Ink & Chemicals, Japan) was mixed 
with 20g of the product of example 3 and 2.5g of 2-hydroxy-4'-(2-hydroxyethoxy)-2-methylpropiophenone (Irgacure 
50 2959, product of Ciba, Switzerland). The mixture was homogenized at 100°C and allowed to cool down to room- 
temperature. The solid product was grinded in a ultra centrifugal mill and classified through a 100 ^m test screen on 
top of an aluminum substrate until a coating weight of 150g /m^ was reached. Then, the substrate was warmed to 
100°Cfor a period of 5 minutes within all of the powder fused. Then, the powder was cured by ultraviolet radiation with 
a Fusion F300H bulb at a curing speed of 16 meter/minute (4 passes). 

55 



Coating properties: 


Hardness (pencil hardness) 


H-2H 
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(continued) 



Coating properties: 


Solvent resistance 


> 100 IVIEK double rubs 



Claims 

1. A polymerizable solid connposition, melting within the range of 40-200°C and containing products having at least 
one ethylenically unsaturated double bond, obtainable by reacting a connpound (A), containing at least two ethyl- 
enically unsaturated double bonds, with a compound (B), containing at least one p-dicarbonyl structure element 
of thefomnula 

o o 

II II 

— C— CH^C — 

wherein the molar ratio of ethylenically unsaturated double bonds of compound (A) to the p-dicarbonyl structure 
elements of compound (B) is in the range from 2.5:1 to 20:1 

2. A polymerizable solid composition according to claim 1 , wherein the compound (A), containing at least two ethyl- 
enically unsaturated double bonds, is a solid acrylate, having a melting point > 50°C. 

3. A polymerizable solid composition according to claim 2, wherein said acrylate is a solid polyesteracrylate, solid 
epoxy aery late or solid urethaneacrylate. 

4. A polymerizable solid composition according to claim 1 , wherein the compound (B), containing the p-dicarbonyl 
structure element, is a solid, having a melting point > 50°C. 

5. A polymerizable solid composition according to claim 1 , wherein the compound (B), containing the p-dicarbonyl 
structure element, contains also urethane groups. 

6. A polymerizable solid composition according to claim 1 , wherein the compound (A), containing ethylenically un- 
saturated double bonds, is an urethane acrylate and the compound (B), containing the p-dicarbonyl groups, is 
acetylacetone, methyl aceto acetate, ethyl acetoacetate, d im ethyl mal on ate or diethylmalonate. 

7. A polymerizable solid composition according to claim 1 , wherein the compound (A), containing ethylenically un- 
saturated double bonds, is an urethane acrylate and the compound (B), containing p-dicarbonyl groups, is a di- 
or triacetoacetate carrying urethane groups. 

8. A polymerizable solid composition according to claim 1 , having a glass transition temperature > 35°C. 

9. A polymerizable solid composition according to claim 1 , wherein the reaction of compound (A), containing ethyl- 
enically unsaturated double bonds, with compound (B), containing p-dicarbonyl groups, is carried out in presence 

of a catalyst. 

10. A polymerizable solid composition according to claim 9, wherein the catalyst is an organic or inorganic base, an 
ammonium or phosphonium salt or an organic phosphine. 

1 1 . Use of the polymerizable solid composition according to claim 1 -1 0 as powder coating or as a component to make 
a powder coating. 

12. Powder coating containing a polymerizable solid composition according to claim 1-10, characterized in tliat it is 
curable by heat. 
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13. Powder coating according to clainn 12, characterized in tliat it contains additional free radical initiators. 

1 4. Powder coating according to claim 1 3, characterized In that the free radical initiator is a peroxide- or azo-initiator. 

15. Powder coating containing a polymerizable solid composition according to claim 1-10, characterized in that it is 

curable by ultraviolet (UV) light. 

16. Powder coating according to claim 15, characterized in that it contains additional photoinitiators. 

17. Powder coating according to claim 15, characterized in that it can be crosslinked in a temperature range of 
40-1 60°C, preferably 60-1 00°C. 

18. Powder coating according to claim 12-17, characterized in that it contains additional solid ethylenically unsatu- 
rated oligomers an/or polymers. 

19. Crosslinked coating obtained from the powder coatings according to claim 12-18. 

20. Substrates, containing at least one coating according to claim 19. 
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